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CHANNEL ALLOCATION METHOD IN MULTIRATE WDM SYSTEM 



BACKGROUND OF THE INVENTION 

This application claims the priority of Korean Patent Application No. 2002- 
80826, filed on December 17, 2002, in the Korean Intellectual Property Office, 
which is incorporated herein in its entirety by reference. 

1. Field of the Invention 

The present invention relates to a channel allocation method, and more 
particularly, to a channel allocation method of channels having different 
transmission speeds in a wavelength division multiplexing (WDM) system. 

2. Description of the Related Art 

A plurality of methods have been used for a WDM system to prevent 
performance degradation due to a nonlinear effect. Examples of these methods 
include using a large dispersion fiber to reduce a walk-off length so as to reduce 
the interaction between channels, using a large effective core area fiber to reduce a 
nonlinear coefficient, and inducing the lowest optical power to a fiber to reduce a 
nonlinear effect due to optical power. 

When a large number of channels over a wide band are used, a stimulated 
Raman scattering (SRS) effect among various nonlinear effects largely affects the 
transmission quality; however, the above-methods do not consider the effects of a 
Raman crosstalk according to the channel speed in the multirate WDM system. 

SUMMARY OF THE INVENTION 

The present invention provides a channel allocation method for minimizing 
performance degradation due to a Raman crosstalk by allotting a channel having a 
high transmission speed to a short wavelength band and a channel having a low 
transmission speed to a long wavelength band, in a multirate wavelength division 
multiplexing (WDM) system. 

According to an aspect of the present invention, there is provided a channel 
allocation method in a multirate optical transmission system, the method 
comprising receiving optical signals via a plurality of channels and selecting a 
channel having the lowest transmission speed from not allotted channels; allotting 
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the selected channel to the longest wavelength band of empty wavelength bands; 
and determining whether not allotted channels yet exist in order to repeatedly 
perform selecting the channel having the lowest transmission speed from the not 
allotted channels and allotting the selected channel to the longest wavelength band 
of the empty wavelength bands, until all the channels are allotted 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above aspects and advantages of the present invention will become 
more apparent by describing in detail a preferred embodiment thereof with 
reference to the attached drawings in which: 

FIG. 1 is a block diagram illustrating an experimental apparatus for 
measuring the transmission performance of an optical transmission system having 
different band transmission speeds; 

FIGS. 2A and 2B are graphs illustrating transmission performances of an 
optical transmission system having different band transmission speeds; and 

FIG. 3 is a flowchart for explaining a channel allocation method according to 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention will now be described more fully with reference to the 
accompanying drawings, in which a preferred embodiment of the invention is 
shown. 

FIG. 1 is a block diagram illustrating an experimental apparatus for 
measuring the transmission performance of an optical transmission system having 
different band transmission speeds. 

In other words, FIG. 1 is a block diagram illustrating an experimental 
apparatus for measuring the difference in the transmission performance when the 
band transmission speeds are different in a wavelength division multiplexing 
(WDM) system. Here, input optical sources include 40-channel C-band optical 
signals 105 of a short wavelength band where the channels have an interval of 100 
GHz in a range from 1530.334 to 1561.419 nm and 40-channel L-band optical 
signals 1 10 of a long wavelength band where the channels have an interval of 100 
GHz in a range from 1571.239 to 1604.026 nm. 



In addition, the optical signals 105 and 110 are multiplexed by arrayed 
waveguide gratings (AWGs) 115. Thereafter, the multiplexed signals are input to 
Mach-Zender external modulators 120 according to the band of the signals and 
modulated by pusle pattern generators PPG1 and PPG2. In order to prevent the 
5 relationship between the channels due to using one modulator, the C-band optical 
signals 105 are transmitted through a single mode fiber (SMF) of 10 km and the L- 
band optical signals 110 are transmitted through a dispersion compensating fiber 
(DCF) of 2.6 km, and input to optical boost amplifiers 125. The signals amplified 
by the optical boost amplifiers 125 are attenuated by an attenuator 135 to satisfy 

10 the input conditions of optical line amplifiers 130 of a next stage, and input to an 
optical recirculating loop 140. The optical recirculating loop 140 consists of two 
dual-stage amplifiers 141 and 142, and non-zero dispersion-shifted fibers (NZ-DSF) 
of 100 km and 60 km. Here, the loss of the fibers is 0.22 dB/km. The span loss 
in the optical recirculating loop 140 is 22 dB, and the optical launching power per 

15 channel is +4 dBm. 

In order to compensate the dispersion generated in the NZ-DSFs, DCFs are 
inserted into the dual-stage amplifiers 141 and 142 in the optical recirculating loop 
140. After three turn of the recirculating loop, transmission over 480 km of NZ- 
DSF, the residual dispersion of the C-band is 300 to 800 ps/nm and the residual 

20 dispersion of the L-band is 40 to 520 ps/nm. Here, P-l-N receivers are used as 
the receivers 150, and the optical power of the signals input to the receivers 150 is 
-9 dBm. The final transmission performance Q is measured in the receivers 150 
to evaluate the transmission performance of the apparatus. Here, the 
transmission performance Q is calculated using Equation 1 as follows. In addition, 

25 the transmission performance Q is an example of a bit error rate (BER). 



When the transmission performance Q is larger than 3, an approximate 
transmission performance Q can be calculated using Equation 2 as follows. 
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FIGS. 2A and 2B are graphs illustrating the transmission performance in the 
optical transmission system having different band transmission speeds. 
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In other words, the graphs of FIGS. 2A and 2B are obtained by varying the 
transmission speeds of the optical signals in the apparatus of FIG. 1 . The graph 
of FIG. 2A illustrates transmission performances when varying the transmission 
speed of the L-band optical signals to 155 Mb/s, 622 Mb/s, 2.5 Gb/s, and 10 Gb/s 
5 while fixing the transmission speed of the C-band optical signals at 10 Gb/s. The 
graph of FIG. 2B illustrates the transmission performances when varying the 
transmission speed of the C-band optical signals to 155 Mb/s, 622 Mb/s, 2.5 Gb/s, 
and 10 Gb/s while fixing the transmission speed of the L-band optical signals at 10 
Gb/s. 

10 Referring to FIGS. 2A and 2B, the average Q penalties of the C-band 

signals are 0.2 dB, 1.1 dB, and 3.4 dB when the transmission speeds of the L-band 
signals are 2.5 Gb/s, 622 Mb/s, and 155 Mb/s, respectively. On the other hand, 
the average Q penalties of the L-band signals are 0.6 dB, 2.2 dB, and 4.6 dB when 
the transmission speeds of the C-band signals are 2.5 Gb/s, 622 Mb/s, and 155 

15 Mb/s, respectively. That is, as the transmission speed of the signals of the 
opposite band decreases, serious performance degradation occurs. Here, the Q 
penalty denotes the difference between the transmission performance Q of 10 Gb/s 
andthat of 2.5 Gb/s, 622 Mb/s, 155 Mb/s. In addition, the Q penalty is represented 
on a dB scale. Meanwhile, the performance degradation of the signals is more 

20 serious in the long wavelength band than in the short wavelength band, particularly, 
when the transmission speed of the signals in the short wavelength band is low. 

Such an effect occurs due to the characteristic of a Raman crosstalk where 
a walk-off length is relatively long in a small dispersion region so that an amount of 
time for progressing adjacent channels together is relatively large. Accordingly, 

25 the short wavelength channels generate Raman crosstalk in the long wavelength 
channels. Therefore, the long wavelength channels are affected more by the 
Raman crosstalk than the short wavelength channels. In addition, when the 
transmission speed of the signals is low, quite serious walk-off length is relatively 
increased, so the effect of the Raman crosstalk is increased. Thus, when the 

30 speed of the short wavelength channels is low, the serious performance 
degradation occurs. Here, the walk-off length due to a difference between group 
velocities by dispersion denotes the distance of one bit delay between the adjacent 
channels . 
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Since the dispersion in the short wavelength band is smaller than that in the 
long wavelength band in the WDM system, the effect of the Raman crosstalk can 
be minimized by allotting the channels having the low transmission speed to the 
long wavelength band in the multirate WDM system. 

FIG. 3 is a flowchart for explaining a channel allocation method according to 
the present invention. 

In other words, FIG. 3 is a flowchart for explaining a channel allocation 
method for minimizing the performance degradation due to the Raman crosstalk in 
the WDM system using a large bandwidth. Referring to FIG. 3, a channel having 
the lowest transmission speed is selected from not allotted channels, in step S310. 
Thereafter, the selected channel is allotted to the longest wavelength of empty 
wavelengths, in step S320. It is determined whether channels not allotted to the 
wavelength exist in step S330. When it is determined that channels not allotted to 
the wavelength exist, the channel having the lowest transmission speed is selected 
from the channels not allotted yet, in step S340. Thereafter, step S320 is 
repeated. As a result, the channels having the high transmission speed are 
allotted to the short wavelength band, and the channels having the low 
transmission speed are allotted to the long wavelength band. 

As described above, the channel allocation method according to the present 
invention is applied to the multirate WDM system in order to allot the channels 
having the low transmission speed to the long wavelength band and the channels 
having the high transmission speed to the short wavelength band. Thus, the 
performance degradation due to the Raman crosstalk can be minimized. 

While this invention has been particularly shown and described with 
reference to a preferred embodiment thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 



